TERBAND ET Al. may be sensitive to therapy. This notion may also derive from a lack of diagnostic assessment procedures for both cause and manifestation of the speech problems in people with intellectual disability, as well as a lack of validated treatment methods for improving their speech output. Few studies have investigated treatment possibilities for speech problems in adults with intellectual disability and, at present, it is unclear whether any such targeted treatments would benefit this group of speakers.
As alluded to above, many authors claim that speech and language skills begin to plateau when a child with intellectual disability reaches adolescence, with most studies concerning children under the age of 15 years (Fowler, Gelman, & Gleitman, 1994) . With respect to children with Down syndrome, research suggests that-without interventionthe speech and language difficulties are not resolved when they grow up and that speech intelligibility remains a problem throughout life (van Borsel, 1996; Chapman, Seung, Schwartz, & Bird, 2000; Timmins et al., 2009 ; see also ).
Several possibilities for enhancing communication skills in adults with
Down syndrome have been explored and proposed throughout the years (Leddy, 1999; Roberts et al., 2007 ) and a recent series of studies has shown that adolescents and adults with Down syndrome can learn new speech and language skills, suggesting that interventions could be effective at any age (Chapman, 2006; Chapman, Hesketh, & Kistler, 2002; Chapman et al., 2000) . More specifically focusing on their speech-production deficits, a recent literature review suggests that in adults with Down syndrome, these problems could be due to both linguistic influences and impairments in the speech-motor control system and there are indications that speech therapy can remediate some of the resulting deficiencies by providing advice and training to help optimize verbal communications or reduce the severity of the speech problems (Coppens-Hofman, Maassen, van Schrojenstein Lantman-de Valk, & Snik, 2012) . Unfortunately, no results are known for (young) adults with intellectual disabilities other than Down syndrome.
This study therefore sets out to investigate the effect of speech therapy in a heterogeneous group of adults with intellectual disability. However, to determine the best possibilities for improving the quality and intelligibility of their speech output, it was first necessary to ascertain the exact nature of the speech difficulties in this diverse population. In a previous study (Coppens-Hofman, Terband, Snik & Maassen, 2016) , the present authors accordingly analysed and specified the types of speech errors in a Dutch sample of 36 adults with mild or moderate intellectual disability of mixed aetiology. Recordings of spontaneous speech and responses to a picturenaming task were transcribed by blinded experts using a broad phonetic transcription protocol. The transcriptions were then analysed with respect to segmental and syllabic characteristics and processes. In addition, intelligibility ratings of the spontaneous speech samples from 25 naive listeners were obtained and evaluated. The combined results indicated that the development of the phonemic and syllabic inventories was completed irrespective of intellectual disability severity, intellectual disability aetiology or whether or not they suffered hearing loss. At the same time, the speech of our participants was characterized by an overall high rate of segmental and syllabic errors that was associated with the level of cognitive functioning. Speech errors were inconsistent and comprised a large range of both typical and atypical phonological processes. The frequencies of specific types of errors were found to be related to the intelligibility ratings. The observed speech difficulties could not be explained by weakness or paralysis of the speech muscles or other sensorimotor deficits alone and were interpreted to indicate speech-motor control and planning difficulties.
Subsequently, an intervention that specifically targeted the charted type of speech errors to thus improve speech intelligibility was developed. The participants from the earlier study were offered tailored training in articulation and listening skills delivered in two 3-month periods separated by a 3-month intermission. Based on the predictors of speech intelligibility formulated in the previous study (Coppens-Hofman, Terband, Snik & Maassen, 2016) , the pre-to postchanges were evaluated in terms of speech intelligibility through a phonological error analysis of the participants' word production on a picture-naming task and additionally assessed changes in their receptive vocabularies. In this report, the treatment, assessments and outcomes are described in detail. (Dalton & McVilly, 2004) , the participants and their legal representatives received written and oral information on the study and intervention in advance, with all legal representatives, parents, and caregivers giving their written consent. The participants all gave their oral consent after having been orally informed by their parents or primary caregiver.
| METHOD

| Participants
In all cases, the parents/caregivers had earlier typified the participants' speech as poorly intelligible and supported their desire to improve the quality of their speech output. Inclusion was based on the level of their intellectual disabilities, that is, IQ 40-70 (DSM IV-mild and moderate), with 16 participants having been classified with mild and 20 with moderate intellectual disability .
Their speech problems had not been assessed prior to our studies by any diagnostic tests, the cause of their poor speech intelligibility was unclear, and none of the participants had previously received speech therapy. Exclusion criteria were as follows: cleft lip/cleft palate, spastic dysarthria, severe behavioural problems and a diagnosis of dementia or autism. The aetiology of the intellectual disability was known in 22 cases. A detailed overview of the participants is provided in Appendix A.
| Procedures and experimental design
Figure 1 presents an overview of the experimental design. All participants received treatment during two periods of 3 months separated by a 3-month intermission. For reasons of logistics and time management, the participants were randomly divided into two groups, with the second group starting the intervention 3 months after the first group.
Before and after each treatment period, a concise speech and hearing assessment (MSH) was carried out. Elaborate speech-production and hearing assessments were conducted prior to and after completion of the intervention, when also vocabulary and memory were tested.
Speech recordings, assessments and examinations were all conducted by the second author.
| Treatment
The treatment comprised weekly individual sessions each lasting 30 min and was delivered by the third author, a certified and expe- Three to four months after the intervention, an interactive evaluation was scheduled with the primary caregivers and/or parents of each participant as well as with the participants themselves. The second author had a 1-hr personal interview with each participant in which they were asked about their experiences during treatment and whether and how they felt the treatment had helped them (or not). During the meeting with the caregivers/parents, the second author discussed the observations the speech therapist had recorded during and after the intervention along with the experiences reported by the participants, and compared these with the views of the caregivers/parents. Based on these evaluations, an official report containing personalized recommendations regarding communication strategies and exercises was compiled for each participant. These were later presented to and discussed with the parents/caregivers.
| Data collection
Both baseline and endpoint measurements consisted of speechproduction, word-understanding (receptive vocabulary), hearing and auditory-memory assessments. To prevent any stress or arousal, all assessments were conducted in a quiet, comfortable and familiar room in the participant's own care centre, residential group or sheltered work facility. The hearing examination was conducted by an experienced audiologist 2 weeks before the start of the treatment and comprised the F I G U R E 1 Experimental design. MSH = concise speech and hearing assessment. Baseline and endpoint measurements comprised elaborate speech-production and hearing assessments and assessment of receptive vocabulary Crul, 1984 Crul, , 1994 . Auditory memory was assessed with the Dutch "schoolreadiness curriculum" test (In den Kleef, 1997) by the second author.
One week prior to the baseline speech recordings, a first meeting was arranged to allow the participants to get used to the interviewer/therapist, the recorder and the setting. During this visit, the participants completed the Peabody Picture Vocabulary Test (PPVT) to assess the level of word understanding, as an indication of their understanding of the instructions and stimuli materials to be given during the test sessions.
To assess any progress in receptive vocabulary after treatment completion, they again completed the PPVT during the endpoint examination. T A B L E 1 Overview of the variables determined by the phonetic accuracy and phonological error analyses (segmental and syllable structure comparison of target word and produced utterance) was rushed. The tests of the endpoint assessment were the same as those conducted during the baseline assessment.
| Data processing and analysis
All recordings of the picture-naming task were transcribed by two independent speech-language pathologists (blinded for both study goal and participants) according to broad phonetic transcription procedures. Yells, grunts and coughs, as well as utterances produced while the participant was chewing or had fingers or objects in or over the mouth, were systematically excluded. Transcription reliability was established by comparison of the two transcriptions of the same utterances. Mean inter-rater reliability was 94%. (pre-to post-scores) and between-subjects (severity of intellectual disability, hearing loss and intellectual disability aetiology) factors were explored using a multivariate RM ANOVA (with all outcome measures as the dependent variables, i.e., PCCI, PSSC, PClusCI, PSubCI, PSubCF, PAbnProc, PNormProc, PCDel, PIC1Del, PIC2Red, PIC3Red and PVVT score). Where appropriate, the influence of specific factors on the dependent variables were further investigated by means of univariate tests.
Second, the effect of treatment on the participants' speech intelligibility was assessed for the two study groups separately based on the distinctive predictors derived for each group in our earlier study (Coppens-Hofman, Terband, Snik & Maassen, 2016) . In the case of the mild group, a multivariate RM ANOVA was administered with pre-to post treatment as within-subjects factor and PCCI, PClusCI, PNormProc and PIC3Red as dependent variables, whereas a multivariate RM ANOVA with pre-to post treatment as withinsubjects factor and PCCI, PClusCI and PIC2Red as dependent variables was administered for the moderate group.
| RESULTS
| Between-subject factors
First, the influence of between-subject factors severity of intellectual disability, hearing loss and intellectual disability aetiology was investi- (with pre-to post-scores as within-subject factor and severity of intellectual disability as between-subjects factor) are presented in Table 2 . Results showed a significant pre-to post-increase in the proportions of consonants correct (PCCI) and syllable structures correct (PSSC; Figure 2 ; Table 2 ). Furthermore, results also revealed a significant decrease of the proportion reductions of consonant clusters in syllable-initial position containing two consonants (PIC2Red) and a trend effect of treatment in the same direction for the proportion substitutions of single consonants in initial position (PSubCI; Figure 3 ; Table 2 ). Finally, our analysis yielded a highly significant positive effect of treatment on receptive vocabulary (PPVT scores; Figure 4 ; Table 2 ).
| Within-subject factors
Besides significant treatment effects, the univariate tests of the RM ANOVA also revealed a number of significant differences as a function of severity of intellectual disability (i.e., for proportion con- 
| Speech intelligibility
The results of the separate repeated-measures MANOVAs for the two study groups, contrasting group pre-to post-scores with the groupspecific predictors, showed strong effects for both groups (Table 3 ),
indicating that the intelligibility of the participants' speech had significantly improved (Figures 2 and 3 ) as a result of treatment.
| Speech-language therapist reports
Results of the therapist's evaluations of the participants' improvement in quality and level of communication after the intervention are presented in Figure 5 , while detailed descriptions per participant are given in Appendix C. Speech output had improved in almost all of the participants ( Figure 5 ). With respect to communicative behaviour in general, the large majority showed increased communicative initiative and more self-confidence. The greatest improvements were noted as having been elicited by positive feedback, compliments, topics coinciding with the participant's interests, and the weekly personal attention from the speech-language therapist (Appendix C). 
T A B L E 3 Results of the multivariate RM ANOVAs on the group-specific speech-intelligibility indicators
| DISCUSSION
In the present study, it was explored whether it is possible to help adults with intellectual disability improve their verbal communication skills through speech therapy. Based on an analysis of the specific types of speech errors and their relation with intelligibility in a sample of 36 adult speakers with mild or moderate intellectual disability our group conducted earlier (Coppens-Hofman, Terband, Snik & Maassen, 2016) , an intervention programme was formulated for these impaired speakers aimed at improving the group-specific deficits and thus speech intelligibility. Treatment was delivered in two 3-month periods with a 3-month interval and consisted of individual, 30-minute weekly sessions of articulation training in combination with training in listening skills.
In summary, the results indicate that the speech of our participants had improved on several domains following treatment. First, they produced significantly higher proportions consonants correct in syllableinitial position and syllable structures, and showed a trend towards making fewer substitutions of syllable-initial consonants. Second, both groups showed positive treatment effects for the two sets of groupspecific intelligibility predictors. Our findings thus indicate that the participants made fewer speech errors after treatment and that the intelligibility of their speech had increased. It can thus be concluded that the speech therapy was effective for our group of participants. This is confirmed by the subjective judgements of the speech-language therapist, which indicate improved speech after intervention in almost all of the participants.
Besides the improvement on mentioned speech-production measures, treatment also showed a positive effect on receptive vocabulary, implying that the participants had improved their level of word recognition and understanding. This result is especially striking as vocabulary was not targeted in the therapy; the treatment programme consisted purely of articulation training in combination with training in listening skills (i.e., auditory discrimination). The intervention was the same for all participants, but individually adapted to the level and, more importantly in this respect, to the interests of the participant. The therapist noted that all participants were well motivated throughout the intervention: they were always eager to start the weekly session and disappointed when it ended. Their caregivers also reported that during the 3-month intermission and after treatment completion, their clients showed frustration and expressed their disappointment with the absence of sessions. Moreover, the subjective judgements of the effects of treatment indicate a large increase in communicative initiative and self-confidence in almost all of the participants. Apparently, aimed attention to the clients' everyday interests and increased communication with them might lead to improved language and improved communicative abilities as well. Further research investigating long-term effect retention with objective measures of communicative proficiency is warranted.
No differences were found based on hearing or intellectual disability aetiology, neither in the speech intelligibility and error patterns before treatment, nor in the treatment effect. Although one should always be careful with null results, the present authors believe this finding is of importance for two reasons. First, the effectiveness of speech therapy does not seem to depend on the cause of the intellectual disability, nor on any hearing problems. Clinically, this implies that hearing impairment should not be a reason for not offering speech therapy. Although several studies did report hearing loss to be related to poor speech intelligibility in these speakers with intellectual disability (Coppens-Hofman et al., 2012), our results suggest that hearing loss does not constitute a barrier to improving intelligibility by means of speech therapy.
Second, the fact that predominantly differences in the numberand not the pattern-of speech errors were found to be associated with intellectual disability severity (Coppens-Hofman, Terband, Snik & Maassen, 2016) and no differences that were attributable to hearing loss or intellectual disability aetiology suggests that it is the impairment in cognitive functioning that lies at the core of the speech-production problems in adults with intellectual disability. As the present treatment programme only involved simple, straightforward articulation and listening exercises, it is worthwhile to explore other techniques to optimize the intervention to the specific learning (dis)abilities of the individual client. One may, for example, vary training paradigms and stimuli (Perrachione, Lee, Ha, & Wong, 2011) or incorporate principles of motor learning (Maas et al., 2008) . Furthermore, the strong beneficial effect of our speech-training programme on receptive vocabulary prompts the exploration of techniques to adjust the treatment to higher-level psycholinguistic abilities.
The present study is meant to be a further step towards optimizing care and support for those individuals with an intellectual ability that suffer from concomitant communication problems. In this first test, the content and procedure of the speech-therapy programme were kept the same for all participants with only minor adaptations to suit the needs and interests of the individual client. The results revealed a few differences in the effect of the treatment that were associated with the severity of the intellectual disability. The adults with moderate intellectual disability showed a larger proportion of consonant clusters correct and fewer substitutions of initial syllables after treatment, whereas no improvement was found for the mild group on these measures. More structured trials are needed that investigate and compare the effects of other targeted interventions aimed at improving hearing and speech in this population to help unravel which (parts of the) treatments are the most effective for which individuals.
In conclusion, the present study shows that adults with mild and moderate intellectual disabilities can improve their speech and language skills, demonstrating that speech therapy for people with intellectual disability can be effective at adult age. These findings suggest that continued attention to speech can help augment the verbal communication skills in this population. Material: Visual stimuli, for example, colour cards, pictures from the Logo-Art articulation test (Baarda et al., 2005) , transparencies (slides) and drawings. To learn vowels, pictures taken from the Dutch dyspraxia programme (Erlings-van Deurse, Freriks, Goudt-Bakker, Van der Meulen, & de Vries, 1993) were used, with a gesture to support the consonant. Consonant production was practised in spontaneous speech by talking about the client's favourite topics (e.g., music, pictures, movies, hobbies). Material: Drawings and pictures depicting multisyllabic words (e.g., "paddenstoel," "paraplu," "vrachtauto"). Additional cues such as "footsteps" or other drawings were used to help visualize the different syllables. A P P E N D I X C (Continued)
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